The present study evaluates the natural occurrence and distribution of macroalgae species of the division Rhodophyta which colonize the pneumatophores of Avicennia germinans (L.) Stearn in the mangroves on the Ajuruteua Peninsula, Bragança, Pará, Brazil. Field measurements showed that mean length of the pneumatophores reached 12 cm, where five species of macroalgae were recorded: Bostrychia radicans (Montagne) Montagne, B. moritziana (Sonder ex Kützing) J. Agardh, B. calliptera (Montagne) Montagne, Catenella caespitosa (Whitering) L. M. Irvine, and Caloglossa leprieurii (Montagne) J. Agardh. Monthly evaluation revealed B. moritziana, B. radicans, and C. leprieurii occurrence on the basal and median portion of the pneumatophore during the dry period, while B. calliptera and C. caespitosa were distributed all over the pneumatophore. B. calliptera and C. caespitosa were only recorded during the wet period. A number of species and pH presented significant differences (ANOSIM, R=0.069; p<0,05). Considering the reproductive cycle, C. caespitosa was only found during the sporophytic phase, whereas B. calliptera and B. radicans presented the tetrasporophytic phase.
RESUMO
O presente estudo avalia a ocorrência natural e distribuição das espécies de macroalgas da divisão Rhodophyta que colonizam os pneumatóforos de Avicennia germinans (L.) Stearn nos manguezais da península de Ajuruteua, Bragança, Pará, Brasil. (Dawes, 1996) . Hutchings; Saenger (1987) describe this flora as represented by microalgae, cyanobacteria, and diatoms that are mostly attached to the sediment in the forest floor, and by macroalgae which adhere to trunks, pneumatophores, and rhizophores of mangrove tree species.
In Brazil, many authors have exhaustively investigated the typical algal flora in association with the mangrove system (OLIVEIRA, 1984; HADLICH, 1984; HADLICH; BOUZON, 1985; MIRANDA et al., 1988; PINHEIRO-JOVENTINO; LIMA-VERDE, 1988; CORDEIRO-MARINO et al., 1992; ESTON et al., 1991; OURIQUES, 1999; CUNHA et al., 1999; COSTA, 2002; DUARTE, 2002) . Nevertheless, most of these studies were carried out in the southern, southeastern, and northeastern region of the country. Only a few studies were concentrated northward on the Brazilian Amazon coastline, where mangrove forests are well developed;
such an association remains to be better understood (PAULA et al., 1989 - According to Dawes (1996) , macroalgae associated to intertidal environment are exposed to the fluctuation of different abiotic variables (e.g. salinity, pH, desiccation, etc). Such environmental fluctuations can influence the patterns of horizontal and vertical distribution of these species, changing assemblage structure and dynamics of macroalgae biomass production along the estuarine environment. B. radicans for example, are very tolerant to variations in salinity (BRODERICK; DAWES, 1998) and able to occupy areas with high desiccation . This desiccation tolerance has been demonstrated in several studies on the vertical distribution of macroalgae (YOKOYA et al., 1999; OURIQUES, 1999) .
Considering the lack of information on species composition of macroalgae in the Brazilian Amazon coastline, the present study aims both: i) to contribute to the occurrence of this group on the coastline of the state of Pará and ii) to evaluate the influence of different abiotic variables on vertical and horizontal distribution of macroalgae assemblage associated to mangrove pneumatophores.
MATERIAL AND METHODS

Study Area
According to Cohen et al. (1999) , the study site is The equatorial climate of the region is hot and humid.
The annual mean rainfall reaches 3000 mm and relative air humidity ranges between 80 and 91%, with a rainy season from January to June and a dry season from July to December (MARTORANO et al., 1993) .
At the laboratory, pneumatophores were sized and on average they measured 12 cm. The pneumatophores of median size were divided into three portions: basal (0-4 cm), median (4-8 cm), and apical (8-12 cm). Tweezers were used to collect the macroalgae incrusted on the pneumatophores, which were preserved in formalin 4% (BOUZON; OURIQUES, 1999) for further identification. Macroalgae species were identified according to descriptions of Cordeiro-Marino (1978) , Blair (1983) , and King; Puttock (1989) . In addition, water attributes were measured in situ. After pneumatophores were collected, water transparency, salinity, dissolved oxygen, and pH were measured in order to record the variation of these variables throughout the year.
Raw data were not normally distributed by Lilliefors test. Thus, Kolmogorov-Smirnov non-parametric test was used to analyze the horizontal distribution of macroalgae during the annual cycle (AYRES et al., 2007) . Relative Frequency considering the vertical distribution of macroalgae on the three portions of the pneumatophores during dry and wet periods were calculated. The multivariate analysis ANOSIM (Analysis of Similarity) was used to test whether abiotic variables [dry and wet period, salinity, water transparency (cm), 
Data Collection
A transect of 60 m was opened parallel to a creek to sample macroalgae=assemblage. This transect was divided into three even points, of which one was sorted for data collection. According to Karsten et al. (1994a) According to Oliveira (1984) , algae associated with mangrove forests present vertical distribution resulting from tolerances and adaptation to variations of many biotic and abiotic parameters. The trend of vertical distribution, described in the present study, is different from the one described in the eastern Brazilian Amazon coastline by Azevedo (2005) . B. radicans and C. leprieurii, in the present study, for example, were recorded only on the basal and median portion of the pneumatophores, while these species are found in the eastern Amazon attached all over the root. A great variation on the vertical distribution seems to be common for red macroalgae. On the other hand, green macroalgae seem to be found attached mainly to the upper portions of the pneumatophores, indicating that a gradient of microclimate (ex. humidity, drought) may affect the vertical distribution of these species (CUTRIM; AZEVEDO, 2005) . In addition, we observed that B. radicans occurred only in the dry period and on the basal portion, in contrast to the study of Mann; Steinke (1988) , in South Africa, where macroalgae are distributed on the apical portion, suggesting more resistance to drought, solar radiation, and high salinity.
The comparison between abiotic factors showed that pH presented a significant difference (ANOSIM, R=0.069; p<0.05), when related to presence/absence of algae during the entire annual cycle (Table 2) . It is noteworthy that abiotic factors seem to have great relevance to horizontal and vertical distribution of the algal flora associated with mangroves. In the present study, for example, only pH was statistically significant in relation to presence/absence of macroalgae species. This suggests that water alkalinity in the main channel of the study site may play an important role in determining such distribution during the annual cycle. According to Berrêdo (2006) , on a study carried out in Marapanim estuary on the coast of Pará, the pH indicates alkaline conditions during the dry period (e.g. pH=7.3 to 7.9), while during the rainy period, the waters tend to reach higher rates of acidity (e.g. pH=4.4 to 6.5) during the flood tides, due to the contact with organic compounds from both sediments and litterfall during the ebb tides. However, other abiotic factors can also be relevant to this algal flora, such as: luminosity (CUNHA; DUARTE, 2002); desiccation (CUTRIM; AZEVEDO, 2005) , flood frequency (CUNHA; COSTA, 2002), and salinity (KARSTEN et al., 1994b; FERNANDES et al., 2005) .
According to Karsten et al. (1999) , salinity can be considered a limiting factor for the reproduction of this species. So, considering the reproductive phases of the macroalgae species at the Furo do Meio, it was recorded that B. calliptera was the only species to present reproductive structures during the entire annual cycle, while B. radicans and C. caespitosa presented them only in the dry and wet period, respectively. The species B. moritziana and C. leprieurii did not present reproductive structures.
Regarding transparency, it did not present a significant correlation to macroalgae distribution at the Furo do Meio. The high sedimentation in the channel during the wet period was reflected in the transparency rates. In fact, high sedimentation seemed to influence the absence of B. radicans, C. leprieurii, and B. moritziana during this period, since pneumatophores were totally covered by sediment. On the other hand, the two former species were already recorded adhered to pneumatophores during the wet period, so the presence of these two species seems to be associated to their reproductive cycles rather than sedimentation process. In sum, given the great variations in the vertical and monthly distributional trends of macroalgae associated with mangroves, it is important to emphasize that local biotic and abiotic characteristic can generate all the trends described so far.
